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SUMMARY 

A method i o presen ted fo r• assigning a 
gi ven fleet of several difrerent types 
of ai r craft to carry an anticipated 
tr-arftc load over several routes at 
minimum cost. ~e problem illustrates 
t he application of linear prograaming 
t~ transportation problems of this gene~al 
type. 
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A l~en fi . Fe~~on 
George B. Da11t.zig 

9-J.. - 5~ 

:-:at.hem.atica. t.ec ~ :niquea f or the so .:~tion of m&I"IY practica l economic and 

v· erstiona.1 prob lsou have been developed very r apidly in r ecent ye&ra, at..!Juu-

·a t ed in l arge part by t.he demancU that Wor1c1 War ll made upon mil itary plan-

nere. A ~:;-~-. .r yort.ion ot these new techniqu•, haYing b&eica~ .. y 1imi . .. r math-

eQ!.ItiC&l characteri~t.ice, ie cal l ed linear r rog1·amai.ng. Same types of trana-

port.at •. :m prob, ems han been aubjected to thb kind ot anal.r-1• eYer a period o! 

several years, ~ and ueetu~ reaulta h&Ye been obtained. 

The pu.rpoae of the pr.,ent paper 11 tvoto :d. We '~ant t o preaent and expl ain 

a ~!.h<..d ror ualgning a giftll tleet or aeveral ditterent tn>e• ot aircraft t) 

carr;-{ "1 anticipated trattic load oyer aenral rout.ee at &inillull c~t.. Secondly, 

we viah t o il :uat.rate the application ot l inear progr~ng to tranaportation 

probl- of thia general t)'pe. 

The probl• vhic.~ hu been chosen, 'While aiapl er than the routing probl em 

faced b7 an airline, 11 reuonabl.r N&lietic. Jt.&ah·aore ocap.i icated probi .. 

can be handled vit.h buicall7 the aame techniqu•· H<:Never, t.he7 would not. 

eene the preeent illuat.ratin pu.rpoe ... 

T'n• tollcwing probl• hu been choeen: A tiDd f l eet of t our l1PfJI ot air-

pl an•• are to carry pu1engere oyer the rout... The objectin 1.8 t.o deftl op a 

• See references at end ot paper !or iui"orm.a.tion reg&rdinR theory and appl ica­
tion of 1tne&r programming. 



route paLt ~tn: ;·or lha ! .uot whi ch minimized U.tt coat o: p!lrforming the tr&nll-

po r tati on Jeznanlied , coraiderin g lost revenue aa be1ng equi va:.en t t o & coat. 

Four typea of Ai rpl ane• have been uaedt ~ A repreeenting a poet-war 

~ C repreee.nting a pre-var two-engine airpl ane, and Type D ~preaentina a 

pre-war four-engine deaign. Va.riabl e coati per hour ar.d per landins-t.ak~rt 

cycl, ta ve been ruughl y eetiaated to ~t!ect the ditfei"Wloea in out-of-pocket 

cpvrai:.in~ t!O!U for the t~• ot aircra!t qed. 

Th• ~ ..o.r!.oua tn-1 are ueumed to Op4tr&te at ditte.rent •peeda and to carr:r 

ditferent l oade on a.-.:r &iftll route. It. 1a &lao ~ t.hat certain typu of 

aircraft cannot, becauae of rana• llai tat.! one, operate on particular rout•, u<i 

further t.b&t ~~ typee CJf al.rcruft cannot C&IT7 tbeir full pqload an ce2"t.a1n 

ot.her routea )/'!'o introduce a t\&rther el.-t of hetero.-neity into tbe problea 

route t o route. It 1a u.-d that 011 t.be two t.rU'l8cont.1n.ntal routu 300 

houra per month per &irp.l.ane are obt.&inable. On U.e Dallu rout~ 285 and an 

the Boetan route, ~0 how-. per 1101\th are .. ~. 

In t.hil way w• ha" Ht up a probl• wbids, we hope, incorporatu moqh ot 

the actual probl.. of routin& to be inter.tin& an~ one wh~e optima1 aolution 

ia not obrtoua b;r inlpection, while ~erring enoqh lillplieity to permit eo}.u­

tion without l arge eoaputing 111aabinn • 

The uiUIIed trattic ct.&nd and charaeteriatica of the fleet and :-out .. are 

shown in Tabl es 1 and 2. 

1J Specitlcally it is aeewaed that Type C cannot tl.y elthe r Rout,e 'j, or Route J a 
and Type 9 cannot tly Route 1 . Alto 'i'ype 8 1a Ul\aed to operate :.&t 75 per cent 
of tu l.l payload capacity on Route 3 and 'l"Jp• J 1e UBUILed t o oporate at 00 per cent 
of ru l p~1oad capacity on Route 1. 

- --- --·--- -------- - ·-----



Aircraft on Hand 

1ZEe NUIIlber 

A 10 

B 19 

c ~- ; 

0 15 

9- >54 
- 2<t.-

~ABLr: 1 : AS3UMED Al flCHAF'T F:Ur AND THAf FIC 

Tr&ttic Load 

Route 
N..nber otl/ 
Pua~ra 

J. o N.Y.-L.A. (1 1top) 25,000 

2. N.Y.-L.A. (2 atop) : 2,000 

.. N.Y.-r..:. ~u (0 atop) 18,000 ' . 

4· N.Y.-~laa ( l atov) 9,000 

4 
5· N.Y.-Boaton (0 etop) 60,000 

Rout1f 
Mil •• 

2,475 

2,475 

jJ 9 

5 

1:;' 'l't\U 1e t.he anticipated maber of l ull one-wa,r tripe per month to be carried 
on eaCh route. I! a p&aaenger geta oft en route and ia repl aced b7 another ~aenger, 
1t ia counted •• one tull trip. 

Y Otticit- Airline Cuid!e Jul7 .. 954, P• 276. The N.Y.-Loa Angel .. route• are via 
Chicaao and 't'ia Chioa&t' anJ Dlnftr; the atop en r<Nte between n.w York and DLl Lu 
ia at Haphie. 



TABl..'~ 2A1 ASSUMEU VAIUAID..E CCSTS P""';:.R PASSE:JGER-HlLI:: 
(Wlit.S 1: $ . 001) 

·-

I ~-
),l.w York New York Nsw York N.w ~·o r .. N.,_., York 

t.o tc. to to to 
Lot Ange "* Loa ~1•• lllllaa r.l · :11 ao .. ~.on 

: -s•op 2-~~t.opa D-Stop l -5 t.<lp 
I ()-Stop 

~ 

A 4.5 5·7 4·5 4.7 6.4 

.a --- 6 .4 8.) 6.) 8.8 

.. -- 9.2 - 9-3 ll.) 

D _L_ 7.4 6. : 5·9 6.2 8. 1 

- • -----.~- l • .-.. ... .... ~ 
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T>\ a; ._.: 2i3: ASSl11-'E J VA il.JAili.E CfJSTS AN '.l :•As.:)E:r;:; c;a C4 i'ABl L1Tl!.S 
.P l·~~ AI itv iiAFT P~H KJNTH 

'~,. . ' ew York ! New Yvrk New fodt Ne'W York 

to 0J lu to t o 
l '0• Ar.ge : es Loti AngoJ es !M.llaa O. l l u 

'1':1 -e ·· ..... ~ ............. 1- St.op 2-Stop~a 0-S~op 1-St<"p 
~-

~ Patuenger e ( 00 ) H· 15 28 23 
Coats(~~) ~ g 2) 18 16 

::s Paoeongere (OO \ I 
* 

10 4 15 
Coets ($1)00) l 5 .L6 "!4 

,... 
Puaacng,;ra ~ 00 ) 5 7 '"' .. • •; os t.a $-<'JOO) .!.0 9 

.. 
u Pa81engers ( 00) 9 l J. 22 17 . Coa t a ( $.000 ) "1 16 17 15 . ' 

• 

N.-. York i 
t o 

Doe t on 
o-s.t op 

81 
10 

57 
9 

29 
6 

55 
l O 



'j- : .-. 5t .. 
-3-

r tl car : tu . . l ·~ t~ to r•r •J :J. to.:n i e to eL'liJ. OY ~r. !1..1 . op Lima . f ashi on a C eet a! 

1- 9 a :i r c r l'i!"t n ( f~"•! r tJ.'6S to car ry a t.ota. 0 1· . 24,00J pas~engers p41r month over 

f i v• r oute s. 

The n-:: : utiol' ~s 3•ccoro1 ish e ..! .in a !:!.imp. o mech~ . .'1ica . f aah ion whi ch in t h i s 

c aa e "i 1.v ... v~s f our a ppr ()_xi .mat.ions &.'ld t he f ina ' sol ut i on . Sach approx t mation 

ambodian t:."= :~. : low tng stllpe. A b ;ank tab l e ia cet up showi ng 1n1tl a j_ y onJy 

Lhe ! '. es :. ..,r a i r cr <..ft, t he routes, and the pasee:1ge 1· dsnnnd ( 1 n hun·!rede ) on 

..... .. _... . ~. Ailt'.3r a Ll u.ir :- r a!"t. in l ha f leet are OIJlr l oyed cr a J passengers 

w1ehillg to t.ra\·e ... a r-e served . Then (u w1 : .. be 11xpi.u ned i r. a IDQI!lent) the ayatem 

i s " co1t.ed" i n i:np :. i d t. va l ues or "eha•iow p:-icee" and exaain "td !or a1tuati ons 

i n which a shi f t o f &Jrcra.!t betw .. n routea woulJ t·educe t he coats. Thia proceae 

i s repe~teJ w. t 1 no f urth•r opportunities for econamizi~f, remain. The r esu l t-

i ng set o! va~ues can be pr oven to be optimal . 

":'o 11 :uet r a .e in :ietai ~ : Tabl e i ehowe t he j .und on each route and t he 

aircraft avai l abl e to satiety that JaD&nd . Tab . e 2A ehowe whi ch aircraft are 

r.oet e conomical on ·~~~ route. It vill be noted that Type A la moat econ~ca~ 

in coat per pae:eng~~-rr~ ie on a;l ro~tea. Hence, it wae decided t o allocate t hem 

fire t. ;, : .'lo s i nce t h•y are a ~ ong range airp l antt, they were a.eifmed (Tabl e 3) 

f irat to !ioute 1. The ten Type A'• wou d, under our ueUJilpti ona, carry l eaa than 

t he 25 , 0JO p&le.,ngera per month anticipated fo r t.hat r out e. Hence, 

more aJ :-c ratt &r,. a.aai gned, namel y, enough Type ;)ta (t.he \lnly other airplane 

ua".J~Ded capabl e of f ,;.ying the r ol.!l &J t o carry the r-.ining pas!tengen. Tabl e 3, 

thus ~ s howa t •n A'a &F.d ten D'e .. ei gned to the N.Y. • L.A. one-etop route. 

Moving t.c Route 2 , 'l'ype D ie f ound (Tabl e 2a) to be the ~•t ecor.-:..:..ical 

of t he t~r .. typee s till not ent i rel y c~tted. Therefore, t he r'!lllAining five 

,. r e uaigned t o t hat. route and the rem&ining pl'Saengere nre t o be carr i ed j.n 

-----··_..- --



• TAB...E J : 

---- ,---

r--~ I 
.._, 

-~, 1\oute New Yc rtc N.w Yorlc ~ SW Yo rk i~ew York New York 

~i r ~~ to to to 1,. . to 0 

I i...oe Al .r,o . es Los Ange :•s :lalla:~ i.)a ! . IU Boet on I 
. ype '-... i. -Stop 2-St.ops 0-St •>ti I . - 3t.or 1 0- !3i.op 

~ 

! A :o 
I 

8 6 . ) J2 0 5 I 
I 
I 

I : ,. 
l2 .8 _2 . 2 '-

I 
D lO 5 

-
Oe!i~it. 
(Pu .. ngere . r 241) .I 

hundreda) 
-· 



.. 
. ) B's i!'l t o bfl L :t.eq re t e,l &.!5 :ltHI ~gT.lng uzte a 1rera.!";,. t.<' · ne rout.~ f o r one-ha lf 

a u:.or. th . 

i'urr1i:tg ·~o !~oute J, the :-e &re n c. A's o r 1J's ~ ef t ( o!" a ssigrunent. L>I ::J t he C 

i s, by fl88:J111ptiun , not ca pab: e or flying t he :-outu. ':he rft f c. rc, u·.ft rC!IIIU:I.ini;'lg 

.1: · 5 :YI'e !'Jf s ... r., ae ~ i. gneJ t j houte 3 and t hey accomo,\attt eJ : but 500 (J[ the 

vn .l y Type C•s r elL&in. 12.8 ar-! :.;;tsigne ! t o :<out!! 4, 11:\J t hia ie ajequate 

f o r t he 9 , 000 l' a saangere per month demandint travel on the route. The ramain-

ing :..2 . 2 of t~at t~ are avai l &b] e t or Route 5, but they are .l.ncapable of 

carrJing a ll t he N.Y. - Boston tra.ffic , and 24, 6C.'J pe&aaeng~Jrs per month are 

eft unserved. 

Note t hat t he ent i re r~ ~et of 69 aircraft are c~tted and that except 

cr. the :I . Y.- BvBton ~the paaaenger dem&: ! is essent i a lly ti lled. Further, 

a . though a.i r p ! anes :-.avo been auigneJ in a very silllp:.e and a~l.at. arbitrary 

fashl 'l:1 • t-.e aslligrunen t is not obvioua.y abtlu r-J : The l ongest ranr.e aircraft &re 

assigned t o t r. e l ongest h&ul , the ~.Y. - Loa A~ge l ea routes. The routes with 

t he sh~"~rtes t. cri t. i ca l ~ eg• have on:..y Type C t s. The N.Y. - '" A. two-•i. op ard 

~! . e LY. - :A : .as no-st'Jp routee wHh subst 911t.ia1 . y equa . -"ritical : ega have 

midd . e range l) VtS C's and, on Route 2, u•s. 

Now the quea~ion i s whet~4r t hi• i s the beat so l ution. If in any case 

coeta 0f t.he Vfl ; . • e t>ys~ em can be retluced by ahift.in~ a i rcraft t>.twe~r. routen 

the s olution i e not optim&1. To dete:rmi11e whethe!" thi s 1e the case, t.he til"8\. 

tent.&L ve 150lution IIUSt be " JJriced out ", IUHi eact: of the a cti vi tl <~a t o wU ch 

.. r,a aircraft are aaai ~ed cruet be c l ec kea to deterrline whethffr t he i r 1r.trodudion 

i n to th~ eoJ u lion woutd reeu : t in any economies. 



• · 

• 

• 

:·he ~ :"• 'C: f' iu r r f ! ' l ~ttHm.!.ni nt-· Wh ether ·• 1 ·•:"'tl CU a !" 8'3 !. ') [ h Ct 1 vi t1e8 

i s pt : :r.a; no<1y , u; n r : r·s· :-ea:ii :1~ , sou: td rather comp .ex , but i t can be 

-:-l ,e ;wocess car; best be e.xp1ai.ul3d by r\!!erence to -:'ab ! f.l 4-A. Each 

ce .. ::as t ii ree entr!~:s (zeros are r"present.eJ by b .anks). !n the upper 

· eft C' .. ,.. :- : · ._. : · ea ch coll is the nwber of a,1 :-cra.ft asaigned t.o t.he act.:."!-

ity (fran T; ble ) ) ; in the cent er 1s the nuruber of p~~sengere (in hundreda) 

which one alrp ~ane o!' each t ype ca!: carr-.1 OL that route ( !1"0111 Table 2). 

In t he botton. row i s t.he mon:.h l.y V&riao . e coat. (in t.houaancJ or dol l&l'8) 

per aircraft ass igned to the route (7abl e 2b). rhus the upper ~eft ce~l 

i~dicatea that len rype A's will be a1:oted ~o Route. and that each wi l l 

carry l ,600 pasungera per 1110nt.h at a ( variab~e I coat ot f·l8,()(X). It 

w!.L be cor.vf'nient. t.o denote Lhe three entries in a.ny rcw 1, and in any 

<'oluan j, by the symbols. 

Xij (No. o! A!rcraft) 

n ( lOG's na•aengera/Mo./A.C.) 
t ij --

cij (Soat, . ,OOOta dollal'8/Mo./~. c . 

The variab: e coat of perfo~ne ea~h ~r. tivtty, r. , is arbitrari l y 
lj 

divict•d into two eet a o£ tmp: icit. va :~e3, which m&1 be C>natrued t o be the 

4- . , ..., ) d t)., t _._. (6 ) coat r er a~ ;:.. t a.'le, u
1

, co .~ \< &n •• e cos per paaaenger, vj, .~w . 
The u. ta ma~ b6 cor,ill-.iered aa being the implicit oppc,rtunit)' cost ot 

l. 

th _;,. t i operatine t he i-- aircral~ on any route and t he v j 'a the coat o traneport ng 

a paaaenge:- on t he }ill. r oute by an,y a .i r~ :.ane. The detenninat.ion ot the 

aasit:ned vAl ues of the v'a anJ u 'e f ol ' ows -::e1·t ain etmr ~ e rules. In the 

f i rst place the u
5
ts cort-u·pondir.g t.o surpl us aircraft co~ J UIIIll (7) are 

a lways 0 . Al .:. othe r u •s are Je t ermined t.h r ough the equations 
1 



• 

-

• 

-~ .... -

:: c -..Lore ' t l y ·.~.1 ~c 
\- ' 

v .t: l 

5 
: ·1 :1 s:d . ;tr f l\s h.!.on v~ ln(,y be ! o ur.d ::.o e .IUa 1 7 . Sin ·~e t he re i s on:y one 

;> 

= ~ - :. r. t. r.e r : f th co umn t~ wh! ch a~rcraft .:l!"e assi gned a:1 1 s ~ nce the va lue of 

v, t ••• ~' bee r le:.e::..~r.ed i t i s JOsaibJe sir;;p· j. t o ascer !.i\.:n ~:--~ v.:. l utJ of u
3

, 

U) : C - p V 1 
J5 )5 s 

2r ~ : 6 - 29· j :: -23 

r:nowing u3 i.t 11 poeeib .e to obtain the va ~ue of \ by eol ving for it 

with t he data in ce~ l (3,4) . In a eiJIU l ar lll&lU'ler it ie poeeib e to determine 

t he impl icit cos t a ("shadow prices") i n each cell.~ 

For the particu: ar appr cximativn s~~~ in ;able 4 t~e val ues of t~e 

u ta and v'e are, as s hown in C'>2umn 7 anj r-ow 6: 

u = - 174 V. • 12 
J.. l 

u - -2 
82 v2 • 9.7 

U) : - 2J v3 = 7 

'J4 . - 91 v4 • 4. 6 

us : 0 v5 • 1 

v6 = J 

Ueina theee .. ·aiues it is pc!'lsib e to Jetenr.ine whet her the 1ntroduetbn 

o~ ar.:t ce: . 1r.to the so ~utivn wou !.d increaae ~he etf1cier:cy of t he opera t ion . 

In th~ -,vent the.t for any ce : t l'.e va. , uee ( ui + pi j v j) , ccxnput ed ;;o.a ,1eacr1be:i, 

exceed the costs (c1 j) i t i s ~conomicaJ to introduce t hat ceJ1 . For t he ce1J 

;/ It. is not neceesad · y t rue t hat in a 1 
wh i ch on : y one remaining unknown a ppear·a. 
t here are t wo unknowns wi r.h two equat i · •ns 

casee a r ow or co: '.l.'Tlll can be f ounj in 
Siluati Jna may be enc0unt e r ed i n which 

w!~ 1dt have to be aolv'!ld . 
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-9-

• & : . .! 6~' or f .J :- ~ he !'" I'!::J t o( ' .he !'i :·s t row • .. · . ... .. r,l! . we c u Co'3 V" the f our!)· rcrw 

v ... uuee 'l:"<! - 91 + 2; · ·: \ :~ t . ;; , c,~ ;-1 :'1. lera h . y exC~<! Is :. i- e c "•!:l t or c : ~7 . l r. fact 
... ) 

t he d if:'e:-enc e of 4 5 ( tl :•:J\.!;3-r.J to .. l:lr~ ) r·~ ; "eeen~ s t he decrease i n cost that 

wi : be a.chei.ved ! f one 'lype . l can be Je\'O ' .. e t :.o l he N. Y. - Jalla.s run and lhe 

cora : .. ary a :ijust.me;.ts .maae i r1 accorJa: ce w:ttt the !"equ ~ren.ents 0f t h e- prob :~. 

!t \':~ : : .;! a : .,u L·~ pr , fit.ab. o t·. :inl!'Oduce ce .. : (4,4) sl. nee i:.s l mpl.i c i t va l ues 

~ ::~:rodur e tli'.Y nc ti vities a t. < pr•J f it.. 

introduce it. l t 1a n0t a.\oo·ays 1iesir&b. t: · ... .~ i r.tro.Juce the ce .. : which ;: re1m:lse~ 

t he rreatest savi ng, but th is is f:-equer:t.. ~· u f ' •Od r u:de. ln 3J1Y ::"lSe where 

fa:n.! . i ari ty with the charact.eristica or the !n:.iustry i n quest i on ::n:licat.es tr:at 

o:1 c011mon sense groun.!s s-:xu! ce} j ·,.rit.h an i mli cate.J tc • . . :i r.s.: l .ess than the greatest 

i a a mora reasortabl e cha:,ge ir. ~he existing set it :r.o.y be "'e: 1 t" try it. Such 

a pro-::eJure may resul ~ ~ :: a t·e.iuction 1: . :.he 1 ~-r.ber ot iterati on& required to 

a t tain an opti.Jiruln so.i ution. 

Refer to Tab~e 4-B. HOII' man] w .i:.s (a i;-c ra!t.) sh< ·~ J be assip1sd t o ce l l 

(4,3)7 Let 1..4) • Q be the nW!Iber of drcr11!' !.o be introJ uceJ . lf Q Tyt.·e LJ'• 
are intrvduced intv cell (4, 3 ) these a :i rcraf!. ruue~ come frum other activ\tiel 

uaed in :he i nitial. astigrJDent -- that is, by adj•.1st. i~f th~ va1ues ot x11 , x41, 

X..,.., , X , X , X , X , X , X 
~ 42 23 53 )4 54 j ~ 

From the t1ret col um.."l with X : :o it 
l~ 

' "' • !U ... 0 c i:U'r .,- the 250 (hundred) p&aeenrers, 3.11d hence it f ol lows t hat 

x
42 

: 5 - Q. -:-his i n tum requires, in order to aern tho i 20 (hundren) paaaen­

t;ers on r ou\.e 2, that additiona .. aircraft bfo assigned t c route 2 ft"..Jll some 

other eource, i.e., by increasing the aircraft aasiv\su to ~e l1 (2,2 ) . To 

provi-je t.he same passenger capacity in B•a as has been wi thd .~.~wn 1. n J'" ! t 

i s neceea~try {under our assu.•nt.l..ons ) t c .'ldct .! . i ~ U•s. The se, in :.urn, nn•st 

• 



.. 

r, ·J u -
• 

(. :)1 e !' r .. ,a . ..: e . . (~ . ?) . Tt.o fl na J a- l~us t.Jent i s i n c e . ( 5, 3) which r o : ow• freD 

the known .!\ · ! Jus t.m~n ·. e ~!l ( ~ , 'l ) dn : ~£. , } ) aJ•. t.he fHct t t1at.. t he ~a:Jsengere 

CH.:-r .iei b:: t he !3 's anJ l: · ~ or1 r oute J .., . ' 18 t.iloee turneJ away must tldd t, 180. 

The fin& . step i r. this lterat i ->n !:'! t o J etermir.e the val ue of l : 9. Since 
43 

t l.ere .,i _} be a savinp;s of ;.45 , 000 for ead. wt;. :.. i 11crease in X 
3

, we ehal.l make 
4 . 

Ll-.e auigrur.ent of a i rcraft 1,0 eel; (4, 3) as .arge aa possible oondatent with 

U . .;; .:J~vious c .mdition t ha t t.he aJJu•t.ed assignments in the other eell8 are net 

:;ep,at.l ve. f;;- V& ! ;1 J a.rge ~ . t.he asaigrur.ent s 1n (2,3), (:.,2) 1 ( 5,3) woula be 

r:egati ve and is c 1ear that the f1ret ce Ll to go neKative w1th increaelns Q vii l 

be ce ll (5, ) ). Theatefo1·e, t:1e max.iJIIUill va lue t hat -3 car. have 18 that which pro­

vides sot!icient adJit.iona:: capacity to carry 5 ( hundred) pusengex-e or. route 3 

wher. 9 O'• are addej ar.j J • • A B'a are removed from the route. The val~e of 9 

i s ')f ~6 . 6 / • .? 'J . for th18 aeeign&ent t.t1e v<Lue o! x
53 

•anishee. However, 

the nWDber of a88igned -.l.uee rtmaining are again 9. (Nine correaponde to tour 

aircraft equations pJus five paeeenger equation•)~ 

Enter into Tab~$ ; in the upper left hand corner ~reach eell tho Y&l ue of 

xlj obtained by aettins 1
43 

• 8 • .75 in Table 4. Leave entr.y x
53 

blank as 

well ae other unas11gned eel ta. The firet iteration is now camp~eted. 

In a atu~ ; ar fashion 1t ie poeaio le to cu~tinue iterating aa ehown in 

Tab.ea 5, 6, 7, and 8 unti l no cel A• oft•r an opportur•1t7 tor further economy 

by ir.troducin.:: t hem into the eolution. It can t.e ahown ricoroualy that thia 

is an opti..lrwn sol ution. 1· . th~~t present case an opti.man wa• obtained after 

tive i .e,·at.ione The "'o· ution i.e preeented in Tab· e B. 

It is inter .. ting to compare the original approximati~n (Tab ~ • ~; with 

t h ri · 1 t1· on (Tabl e ") It. 1a t'> be noted that the r cute ,.,ith the J.-~est .e na .. s o . u '> • --. 

et. :..gu \!. .A . - N.Y • ..: -stop) i l served only by t he 4-et:gine ai r·pl anea, Type " '• 

&nd J fe ~ n bo t! . t he nret approximation aud t.he eo .utio:1 • .\ s lgntficant chm~e 



,.1., I - ~~. 

· 1 . -

- bell: . ... c.. .lf' , h ')w~ver , ::. t.h., ! •• ·:· . - ...... In t he f ir9 t. appr ox-

i.lra:! on tl: i a r o ·: t~ i s serve~ oy (. ' ..1 a · 1 I ; ~ · ·: u t e . l r. :.h~ 90. u:.io11 , 

h ·, a h~e:, : r >,.;: :;!'e r .r~ i t.o :.. ::o :.e.• Y 

r~Juct i on ir. ', j,fl! :, • s >n t r1a L ruu -. ~ <U • • '. :1 "~ i r ' r" · -!"fer t o the ti ..., Yor k - Da ~ ~ as 

. ..c. . 2 in the origi na : t.•' .( . 2 :.:-. r.t.~ - !, Ul= . - ..: h~ : ·;:e . C0nsequent.y, t he number 

o f paseenre r s no t s en·e-: on the :;ew Y 0rf. - . i...~ t.on r<>u~e i s redu.:c:i f roc. 246 

( ~l l:'. ~nd) t "J tOO (hundred) . S~i.h.r.y t lle !--&seen.-er .1efidt on :1out e J has 

bean e : iJDi nat.ed. 

Al though l itt . e wou l d be &..illed t o t.his e:~q;o• i t.i nn by Jascri bir.g t h t3 

• intermed i ate i t e r at ions i n de~ai} it mdy be ln:.eree~ini to review T~b:es 

5 t. ~ , rvugh ~ whid: des cd.be t.helt. ;<;ach it.era t i'>n reeu: ts 1n b reJ uc tion of 

Tota.1 " Va.ri ab. e Coate" 

? irst Set i;.. , : r:r; ,ooo 

Second Set. 

4'h i rd Set. l , 088 ,000 

:'ourtr. Se:. ~ . ~.22 , 0()() 

Fift-h Set 

,'he tct a . .:tavln ,.~s t he:-: wr.o1mt to : ~ 97 .~. 

I~ i B possib.!e f CJ r a l'ers()n with s~e 1-r a.ct.. ict'! t o perform each of t!'le 

1 t.. e rat iona in t hi s r 0b:em ir. a u.!ltt e r of ,!£ f ew ulinutes . J001e eki . : in euch 

-
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gueas i. nR as t. a the meet r:eu:- ly 1j :t i :J:a J S o:' ect 10 r. or t he !!.rat. set can reduce 

t.he numbor of l terat.iO:'!S requ i reJ , t he exe r ci·se or c,~or. s ense i n s e lec ting 

t.ho ce!. s ~o ir . t !"oduce ill t. ne p:-o ... es!J o f i t e1·a t.1r:g uaua: .y h -:..:5 ~.he aMle reau1t. 

Co11siderably :nore c~pli -::at ed pr ob . er:u!l i nc! udinf more reetrictlona which 

provi de great e .· r ea i ism can be ftand :i.e d ~it.h cOftlputing equir-ent • but this 

ai.lllp i e soJution O] i ntJ.Iflc t .ion ~ro\'idea a '-laeru: ltethod o! handling llll&.i.l 

probl UI8 ~ n t . .,.. _, ,.,portation wi th a heteroseneoua r.;.v~t. ot vehi cles • 

• 
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